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Prototype Tests on a 200 Watt Forced Convection

#
Liquid Hydrogen/Deuterium Target

by

K. D. Williamson, Jr., J..E. Simmons, F. J. Edeskuty
J. H. Fretwell, J. T. Martin and H. Ficht

ABSTRACT

A forced convection target system is being developed for use at the
Clinton P. Anderson Meson Phyeics Facility (LAMPF) which will produce
neutrone by bombarding liquid deuterium with a proton beam via the pro-
cess p+d +n+ 2p. The work described herein discusses the design and
operating characteristics of a prototype uni; designed to operate with
a heat input of 200 watts. Data are presented on the operating charac-
teristica of the unit using 1iquid hydrogen with heat disposition from
both electrical heaters and from an electron beam of 25 MeV which has a
time structure and inioniity similar to that of LAMPF. Electron beam
energy depositions of 25 w/cn3 were achieved, Using data obtained on
these tests a final target system has been designed and will be briefly

discussed.

r’ .
Thie work performed under the auspices of the United States Atomic Energy

Commission.
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: A
Prototype Tests on a 200 Watt Forced Convection

Liquid Hydrogen/Deuterium Target
by

K. D. Williamson, Jr., J. E.’Simmons, F. J. Edeskuty
J. H., Fretwell, J. T. Martin and H. Ficht

I. Introduction

A forced convection target .yatém is being develcped for use at the
Clinton P. Anderson Meson Physics Facility (EAMPF) which will produce
neutrons by bombarding liquid deuterium with a proton beam via the pro-
cess p +d » n+ 2p. Incident energies will vary in the range from 300
to 800 MeV. This neutron source is favorable from two points of view:

1) at zero degrees the emitted neutrons have a small energy spread and
good separation from lover energy neutrons associated with meson pro-
duction, and 2) atian angle near 26° the neutrons are emitted with a

spin polariszation averaging 40X and with a dogradod but usable eanargy
spectrum. To obtain an 800 MeV neutron ilux of 107;Kcm2-|¢c) at 8 meters

L

from the source will require 84 UA proton beam passing through 15 cm of LDZ

vhich implies 500 W dissipation in the dodtovium. This value of beam .

dissipation has been used as & design goal in our earlier planning. PFor

various reasons we have lowered our oishtf and we are nov aiming at a

goal ! 150 W beam dissipation capadbility at negligible density variation.
In the past relatively 'few accelerators o}oratin. at medium and high

energy had sufficiently intense extarnal beams to require special considera-

tion for heat removal from LH tn:;cto.' An o;eoption is the SLAC high

2
energy electron linear accelerator, wvhere external beams of 13 LA are
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accelerated. Since the area of the SLAC beam is small, approximately
0.25 cmz. high power density is created in a target substance, and for

cryogenic LH, targets reduction of liquid density occurs owing to vaporiza~-

2
tion in the path of the beam. Two approaches have been used at SLAC to
circumvent this problem. Anderlontl) described a target in which en-
hancement of natural convection was u;ed to remove heat from the inter-
action region. Subsequently, Bell et‘al.(z) deacribed a forced convection

1}

target in which LH2 is driven througr a closed loop dy a fan. Part of the

loop comprised the target cell and part was in thermal contact with a LH2
reservoir where the deposited heat was extracted. With this system density
variations were reduced to less than 1X.

Kailnr(3) has made calculations of thermal conduction in LH, being

2
driven by heat input -from 60 MeV electron beams. He investigated the
temperature rise in éylindrical énomotry in which the outer radius is
that of the target cell, maintained at a fixed reservoir temperature.
Effecte of convoctioﬁ wvere not considered. HNe found that relatively small
average beams of approximately 1 UA could ceuse 10°C temperature increases
in the interaction cylinder, for rsasonable geometries. An implied con-
clusion of this work is that thc;nnl conduct%&n alone Je not adequata to
remove the hoat deposited in LHz.by rolc:ivi;tie eloctron beama greanter
than 1 uA intensity. : ' .

In thie paper the chnracc;riotici of n'érotoiypc target designed to
operate with a heat input in the neighborhood of.100 to 200 W are die-

cussed. Data are presented on the operating characterietice of the unit

ueing liquid hydrogen with heat deposition from both electrical heatere



ROUGH DRAFI
4'.
and from an eleccron beam of 25 MeV which has a time structure s!milar to

the LAMPF beam. In the electron beam experiments energy depositions of

approximately 25 WIcm3 were achieved.. Using data obtained orn these tests

LASL-AEC CEFICIAL

the final target system was designed and will be briefly discussed.
fhe basic objectives of the prototype flow\loop tests were the
followving: :
(a) Confirm the design of tha heaat exchanger between the LHZ and
the GHe heat sink.
(b) Provide operational data on the pumps used for LH2 circulation.

(c) Study effect of energy deposition by an electron beam with

emphasis on the question of vaporization at high power densities.

II. Equipment and Instrumentation

A schematic flow diagram of the system is shown in Fig. 1. The major

components of the system are the compressors, purifier, gas holder, Collins

refrigerator, vacuum jacketed transfer lines between the flow loop and

»

refrigerator, the prototype target loop and associated beam diagnostic

equipment. "
The 200 W helium refrigerator used was gollino unit modal CHC-14.
— The inconing high péoonuro varm gas is firu@ progrossively cooled within
——the main heat exchanger by the eooler outgoin;.hanum gas and by !..N2 used

——3n a precooling coil., It is then expanded to its final temperature (14 K)

—4n two reciprocating expansion engines. This cbld gas is then piped to

LASL AMEC JFFRT

the load where it picks up heat and 1s then returned to the refrigerator.
Aftex going through several heat ouchan;oro'the varm lov pressure gas is

compressed snd the cycle repeatad.
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. 4
A representation of the prototype flow loop ia shown in Fig. 2.

The major components of this system are thc LH2 - GHe heat exchangers,
the LH2 pumps, a venturi/target test section and a series of three heaters

to provide a load for testing the refrigerator when not in use at the

LASE AFRC . OFFLIM

Electron Prototype Accelerator (EPA) and for Salhncing the beam lcad with
the refrigeration capacity. Instrumentation consisted of a microphone

to monitor pump operation, proolurefgaugoo, carﬁon resiscor temperatura
sensors and carbon resistor level sensors. 7The stainlcss steel flow loyp
held approximately 13 liters cof LH2 == this volume being partly a rasult
of the fcct that the pumps wers fans capable of only a 2 mm Hg pressure

differential. The system was sized to xeep within this AP limitation.

The pumps used were submersible 3-inch blownro.(“) They utilize
three phase motors ‘that operate from 10 to 40 volts depending on torque
requirements. Spoidn vary from 500 to 3500 rpa. The ball bearings are
non-lubricated with a non-metallic retaider.

Two cell occtionl‘varc used. The firdt wae a ventucl usad to cal-
ibrate the pumps. The second was the thiu.a]umgnun window test section.
The windows were hydro-for-od(5) from flat 1100 aluminum sheets and each
had a final thickness of 0.007; ca. The vi&dow aperture was rectangular
in shape, deing 13 cm long and.z.s (] vidc: They were dish shaped to pro-
vide a relatively emooth flow passage for the Lﬂz meving through the cell,

The seal between the window and flow channel was made by comprassing

LASL AEC -OFFICIAL
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a 0.16 cm diameter Cerroseal (low temperature indium solder) O-ring.
It was necessary to use a new O-ring each time ths window ,_  :eplaced.
Self-energized, teflon-coated O-rings were used to attach the cell gections
to the flow loop. Theee rings leaked on oevoril occasions and would not be
recommendad foi' uze on the final target systewu.

In the countercurr-.t GHe-LH2 h;at oxchangof the cold gaseous hslium

twenty-two

pesses through thc/ 1l ca inside diamdter copper tubes in perallel vhile
the Laz flows in the annulus around the ovtside of the tubes. Also attached
to the heat exchanpjer soction ware three, 300 W, heatery which
were usod to simulate beam heat input during the initial testing. The
calculated heat transfer coefficlents were 0.2l w/(cnz- K} on the Hz
side for a flowrate of 38 kg/win and 0,014 H/(clz-x) on the helium side
at a flow of 0.015 gclnin. The overall heat transfer coefficient, U, wes
0.013 H/(cuz-l). With a log moan AT ot.3 K this should provide a heat
removed capability of 260 W. It should be ?otcd that the controlling
coefficient is on the He side. With a lartger reafrigerator and compressor
the heat removal capability of the heat .xéhnn.or should improve until
the He coefficient becomes comparatle to that on the LH2 side. The heat
exchanger was designed so that it could be éonpvod eanily from the loop
without dissembly of the loo)p.

The gas handling eystem pfovided the gcplb‘i_lity of £111-
ing the loop directly with LH2 or by gas condensation on the heat exchanger.
Safety relief valvees were installed both on the flow loop and vacuum

jacket. Most of the gas handling valves were 110 V remotely operated

solenoid unite. The vent lines ware sized to minisise tha pressure



ROUGH DItAFT -

rise in the system in case of a vacuum failure,

_______ Since seven hours was required to condense the loop full of LH2
this technique of filling was not used after the initial runs. In
general the loop vas purged and maintained under positive gaseous helium
pressure, the refrigerator started ;nq the cooldown allowed to prcceed

until le temperatures vere obtained. ‘At this point the gaseous helium

was rsplaced with Laz from an exterual storage vessel. As the 1liquid 32

began to subcool the clectrical heaters were adjusted to maintain the

desired degree of subcooling.

Throughout this experimental program difficulty was experienced with
the operation of the Trefrigerator. Premature shutdowns resulted from
repeated seizures of.tho pioto&. in the rxpansion engines. Installation
of a LHZ trap on thovcﬂn line to remove uo&n and other possible con-

»

taninates did not solve the problea.
III. System Performance "

The operating characteristics of the blo?nro are shown in Pig. 3
for both a single unit and two units in seriqs. To achieve maximum flow
in the series configuration a vape straightening section was placed be-
tveen the blowers. . ‘ : .
The fluid velocity required to move a pnrtiélo of.n2 across the beam path
between 8.3 meec beam pulses {s 100 qn/bccz It 1s desirable to operate at
velocities in 2xcess of this to ensure that new fluid 1e in the path of

the besm for each pulse. The gasecus-helium liquid-hydrogen heat

-6-
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exchenger performed as expected. At a maximum qxperimental total heat

renoval rate of 175 W no degradation of performance was noted. Witnh 175 W

being removed by the heat exchanger, the LH, temperature was 19 K. This

2
value lowered to 18.5 K at a 135 W removal rate. Depending upon the

helium overpressure applied to thg top of the loop several Aegrees of sub-
cooling could be achieved.

The 0.0076 cm aluminum windows were rupture tested to determine the
pressure rise in th) sys.em following window feilure. It was necessary to
provide a puncture unit sin:e the windows maintaiuned their integrity at
pressures in excess of 160 psi. Follcwing rupture of the window che vaporiza-
2ion of LH2 caused a peak of 30 peig in the contairwent vessel approximately
one second after the break. The containment vessel had a volume of 530 liters

and was qquipped with a 1 pei relief valve.

IV, Tests in the 25 MeV Electron Bean

The Electron frototypc Accclerator (EPA) was built at Los Alamos to
test the side coupled linear accelcrator.cnvity design and to provide
a target testing capability at high beam pévcr. The time structure
of the EPA electron beam was the sane as the LAMPF proton beam, namely

300 msec macro pulse length a. 120 He repetition rate and a superimposed
200 MHz radio frequency. Beam intengity was likewise comparable,
}angihg up td 1 mA average. |

rigure 1 shows a plnn vicw of thq inltallttion ;€ the EPA. The electron

beam enters a collimator from the riaht-hnnd oido of the figure, directly
from the accelerator without focusseing. -The graphite collimator has a
diameter of 0.9 cm, ite purpose being to confine the beam to A fixed

region of the target. Two beam measurement devices are placed after the

-7-
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collimator, namely an x-y wire .canne; for profile measuremernt and a
toroid beam transformer for measurement of the peak current in the macro-
pulse.

The beam then enters the cryostat vacuum enclosure and passecs

throdgh the target cell. A fraction of the beam will be scattered by the

vindows and hydrogen of the cell and’ vill be collected on an annular granhite N

electrode called the beam scraper. The electri:al signal from this
electrode may readily be measured on an oscilloscope, and Las the

characteristic R-C rise and decay time characteristic of a rectangular

current pulse charging & cable capacitance with resistive termination.
That part of the veam not colleétod on ths beam scraper is stopred in the
final graphite beam stop. Both scraper and stop were water cooled.

The systea vas aligned by'optical observation of burn spots made by
the beam and by obocrvationl‘on beam _ube c.nters. The center poeition
of the x-y lcanning vires vn; observed l;d calibrated. The shape of the
beam was that Qf an clﬁn;atad ;vnl with lo;; axie vertical. Figure 4
showvs an example of the measured profile Uu one of the runs. The area
of the beam was approximately 0.5 cuz at a section corresponding to
1/10 s.ximum intenmity.

The electron beam deposits heat in the énr;ct cell by energy loss in
two each 0.003-inch aluminum windows ard %p 5.92 cm LH,. Using standard
nblu( ©) for collision energy lc;u at .25 H.\.! incident energy, we have

AE = 1.94 MeV in LH, end AR = 0.073 MeV in both foils, for a total energy

2
loss 2.013 NeV. One micro ampere aversge beam then deposits 2.0l yutte

into the target cell.

LASL AEC OFFICIAL
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In passing through the target a fractisn cf the beam 18 scartered by
multinle Coulomb interactions. A major part of the scattering is due to

the mass of hydrogen, which represents a signal related to the average

density of hydrogen in the besm path. By use of an approximation formula(?)

the multiple scattering can be estimated as follows: eRMS = 2,38° from

5.72 em LHZ’ and eRMS = 1.20° from 0;020 cm  alutinum, for 25 MeV electrons
incident in both cagses. We define the angle Ol,to be the angle subtended by
the inside radius of the annular beam scraper which _or our geometry was

61 = 4.19°. The probability of multiple ccattering at or beyond the angle

91 is given by exp ( - Bileﬁns). This probability gives the fraction,fﬂ. of

2

indicent beam ucascrcd to 01 or greater. A measurement of fa gives eRMS

which may be related to the average LH2 density by the multiple scattaring

formula.,
Figure 5 shows the calculated values of fraction of beem scattered,

fu' as a function of the fraction of normal LH

»

2 density in the path of tha beam.

The curve includes the effects of the windows, as measurad. Also shown on
the figure ara three measured vaiues of f. ior the empty target coll. The
curve indicates two things. Firet there is a reasonable sensitivity to f.

ralative to variations in the average LH dcﬁoity. Secondly, the scattering

2

due to the LH, alone is an order of magnitude greater than that due to the

2
target windows. It will be seen below that rhe calculation of f. for full

density are in reasonable accord with low bean measurements.

*

LHz

\EC Ot
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In any case the calculations of multiple scattering given above are not meant

to be more than reasonable estimates of the true scattering.

The significant results of the gPA measurements are showa in Fig. 6.
The results are sparse owing mainly to trouble with the refrigerator, as
noted above. Figure 6 shows mcasured values of scattered fraction, f..
vs average beam intensity, IB’ in pA, Data for four runs are shown
numbered from 1 to 4 in chronological order. In each caane the runs were
aborted after short periods, but we learned to get more data in less time
in the last two runs which we consider most reliabie. The measured valuas
of f. for low beam intensity are in reasonable agreement with the calculaced
values shown in Fig..6. namclyﬁf. approximately 0.15. In rune 3 and 4 wa
have data at 24 and 36 HUA and in run 3 we ﬁavo one measuremeant at 48 UA.
At 36 VA the avaorage beam dissipation is app}oximntoly 72 W, The effective
volume is 2.895 cm3 which implies 25 W/cm3 powez der1ity. DBy refarence to
Fig. 5 we conclude that the data of runs 3 and 4 were obtained for 88% or
greater effective hydrogen density in the path of the beam. This is not a
very strong conclusion, but it was sufficient to give us confidance that
the prototype system was opcrqting as ve hoﬁ@d i¢ would. Looking at run
4 alone would have allowed a .cronsoé conclglion:

Using the data obtained from these experinents a new target system

has been designed for experimente at LAMPF, 'lriitly the new system consists

FICTAL

N\, ;

C-C
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4
of a forcad convection flow loop very #imilar to that described herein.

Instead of teflon O-rings Aer©oquip Conoseal joints are used throughout and
the target section is of welded construction to replace the indium seals.
The loop can be moved vertically to péclont new aluminum window surfaces
to the proton beam when radiation &lmnge has occurred. A CVI turbine

8 ,
%) will provide 2350 W total refrigeration power, which is

refrigerator
limicted by the comprodoorl which are now in umno with the
systom., With proper compressore the refrigerator itmelf im capable of
absorbing 700 W at 20 K. It ie anticipated that the syatem will be used
on aome of the first experimente at the LAMPF accelerator in July of this
year.
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Figure Captions

Figure

Figure

Figure

Pigure

Pigure

Figure

1.

2.

3.

4,

Schematic diagram (plain view) of the prototype target system,
as setup at the Electron B}ototypo Accelsrator (EPA).

Drawing of the prototype flow loop (elevation) showing:

(a) heat exchanger, (bf sz pumps, (c) window venturi

test section, (d) heaters.

Pumping capability of the Globe VAX-3 blowers, showing flow
ve RMS voltage across each unit, for one pump only and for
two pumps in series.

Measured 25 MeV slectron beam profile at the EPA. Secondary
elactron current (arbitrary unite) ve horisontal or vertical
poeition of a probe wire.

Calculated valves of scattered fraction of electron beam vs
rolativo‘hydro.on Jcnoity. Also shown are three measurenments

of traget empty fractions.

Scattered fraction of electron b;un ve average beam intensity

for Lﬂz target loop full. Symobls are indexed as follows:

Orun l} @run 2§ X run 3, 4 run 4,

- ROUGH DRA‘ET;

[ ;“_ \L

-
-

LA ALl

LA 230 JERINIAL



TREEET crwl WiITH AL wiN{adS

SLPOCRITE BaAMm STo®
ColLLIMATOR

T BYOPId

 ——— -t <

. e ppH ITE (;'-y WIRE SCANANER

85AM - .. LI
SCRMAPER

. 4

ROI'D BFEAM TRANIFORAMER

-

HEAT EXCWANIER

Fluow LooP

) yvf )?I
( .:‘
A\

g

LASL-AEC OFFICIAL LASLARC FRICTAL




i Hu IN AaND OWUT

CINES

\L,‘v -..J '
=~ - D

~NEAT

| q/ EXCHANGER

TEAT sECTION
’ <L
oR V‘NTUQ:\

He rwowv!
THRY TUVBES

Bowees FSZH | "

o o FileorE 2




POMP voLT ACK

LH, vEwoeITy THRJY TRARGET 'rn[.«:.

. 2..,/
o 'i /.:O [,;S" - 250 ,
)
‘.f‘ j
I SINGCE ww:ez v
» S - :"
=i
‘4
T Two SIOWERS
" - IN SERIEr
° 2 M é g /o Jr 'Y 16 /8
" CH, Flowr, Jza,,mud
Fi€ueE 3

LASL-AEC-OFFKCIAL

LASL-AEC - OFFICIAL



Ty

L AR

IGuRE M

Lt }{‘ r ' ~
T , p '
T ] I i |
it | ORIZON 'rfm T g
wliead . l " 1
T N !
1]HH ! il 4 |
- 1#41{1 ] ‘%‘,TN?'AL 1
11 ! : il . i #H ?
HH Hil:H tf{ i ﬂ. Y ?
b - A ' = ; s ;i;---i '
E:: : o l: . . ‘;'l i ; i §
[ |t
LT HL i A HHE
i :" 1L ' 1 i ";
si13s ' ﬁ» i { :
:-*} * ! %i | {i'lhih i :
e - + ;
A.“' %
*. TT H’!& il @
T8 4




=

®
o
T

)

A'j”i’E

g

g_

“ACTION

-
-

o
24
<°
Lw

D

oL <1* CLG
FRACTIOV ofF LW,

-y
1 SN ¥ B TN - - ——* ] ~ - -
4. 41 0 . P o
iRs kg 8 B B! EgSis: HH 3!
o
=~ 1t 1l 1T11 T 11t '*‘r--‘r- T
14 1] O 4§ -1 —+-1-1
et -4 - = +1+ 11
CCEFH A ] . =ENE
- - — — i -4} 11 4= |
T HATHEF RRE AT 13T I+
| - b —fr =t =l B po pt _T- cy—t - - 1
b 4= - = —~ qr_. ,-/ i -} - 4-{-
- .__F '
- .'“ : :_[. .
\ - IERERE)

[/ - - .
! Z .
| A

\ m
= ,
- -
1- *._v).' T r
| ql TH T
| T
3
f .
-{p- —— o= —— - X o "Jﬁi
L
1
/ TARGIE
J——+—- i L Ll - + o
p-r'"""‘ N ‘ ﬁ ' -4 -
—r =t -4 o T
l L - —4r- . —T- — LT I T VAN N

0%
PEVSI Ty

/0O



O

" dd

- .—{. .\‘

«®

46 L1241 L0 FORE s “
i I s : : BE vy
; T N . : 2 N
T T | ; rnxf. - h .
— | Y IS4 RS LAY T ~Hl*ld
1 ! N ! . i b "
H g T 3341 B 1
il : ﬁ ~
| V [ — . = 1
;_ﬂ RS 1 L 1§ ..m Iv
! A - - 1)
T M_ﬂ wﬁl__ ! _ m —
i MLS IO : 411 R N
SR 1B ! ) _
. 'y .: —
1 ' ! +
t I KR ! _ _ _m _
) 1 1 il » .
It _ J o __
3 ” b- .
i _ i .
{—H : (RN .H.h - L
| LIS : un i “
T —1 1 R . -
, . i L _
4 1 ' . H _
1 . b )
el N 1 += : It
e _ . 1 4—- )
; 3
. 1 oot o .
t Lt ift — ‘..
T o |
2 B U ;
i_...._ ' L— M
B8 M U — P
L . : “. | ' t~ ..{ 4
— -b mh*
T _ 4 P
| dH B +
U B 1,
' | ! AR Ml .
1 | iy 3 _ |
i . ™ )
- [Whad un . d
Tt [ IR AL d8ERd LA . L.
| el ¥ ‘Ml ]
,, t N A
1“1 . 4 i! —: ! i
—l i NTH
= caf ! :
. _.K e gt i p¢
- - BaH HIH HR i
i - d _w I

< - o - a a
Q3AILUYDIS MOr1L DOV I

0.06

Flevre 6



